Objective: To evaluate the impact of osteoporosis-related fractures on health-related quality of life (HRQoL). Methods: Data were obtained from the 2016 Adelphi US Osteoporosis Disease Specific Programme TM , a cross-sectional survey of physicians and their male and female patients with osteoporosis. Patientreported outcomes (PRO) measures included the European Quality of Life 5 Domains (EQ-5D), European Quality of Life Visual Analog Scale (EQ-VAS), and Osteoporosis Assessment Questionnaire short-version (OPAQ-SV; physical, emotional, and symptom domains). Associations between PRO scores and the number and site of fractures were evaluated using ANOVA. Multivariate analyses were conducted using linear regression. Results: Physicians provided records for 1848 patients with osteoporosis. Of these, 981 (53.1%) completed the patient survey, data for the number of fractures were available for 935/981 (95.3%), and 185/935 (19.8%) had a history of fracture. Experiencing fractures significantly influenced scores on all PRO measures (p < .0001). Hip and spine fractures were associated with the greatest reduction in most PRO scores. The number of fractures, age, body mass index, and Charlson Comorbidity Index (CCI) were significantly associated with PRO measures (p < .05) in multivariate analyses. In patients with a fracture, fracture site, CCI, gender (EQ-5D and EQ-VAS), and age (OPAQ-SV physical only) were significantly associated with PRO measures. Conclusions: In patients with osteoporosis, fractures are associated with lower HRQoL and lower overall health status. Fracture history, fracture site, age, and comorbidity burden significantly influence HRQoL in individuals with osteoporosis. These data suggest the need for interventions to reduce the risk of fractures in patients with osteoporosis.
Introduction
Osteoporosis is a major public health problem, that is characterized by low bone mass, structural deterioration of bone tissue, and increased risk of fractures 1 . Annually, 2 million fractures are attributed to osteoporosis in the US and this number is projected to increase to 3 million by 2025 2 . Currently, osteoporosis is the leading cause for fractures in the elderly; about 1 in 2 women aged >50 years will experience an osteoporosis-related fracture in her lifetime 3 .
Osteoporotic fractures lead to >500,000 hospital admissions, >800,000 emergency room visits, >2.5 million office visits, and nearly 180,000 nursing home admissions in the US each year 3 . In US women aged >55 years, the burden of hospitalization for osteoporotic fractures is greater than for stroke, heart attack, or breast cancer, independently 4 . By 2025, annual direct fracture-related costs are projected to exceed $25 billion 2 .
Hip fractures are the most burdensome of osteoporosisrelated fractures 3 . Mortality among patients with hip fractures approximates 10-45% in the year following the fracture 5, 6 , and nearly 20% of patients require long-term nursing home care 3 . As many as two-thirds of patients do not regain their former level of function or mobility, even after lengthy rehabilitation 3, 5, 7 . Clinical vertebral fractures are also associated with increased risk of mortality and hospitalization in postmenopausal women with low bone density 8, 9 .
The high economic and societal burden of osteoporosis is related not only to the direct medical costs of acute and rehabilitative care for fractures but also to indirect costs related to other complications (e.g. depression and chronic pain) and poor health 10, 11 . According to a recent Bone Health Index Survey by the National Osteoporosis Foundation, leading concerns about aging for patients with osteoporosis were loss of independence (42%) and mobility (25%); additionally, 50% of caregivers expressed uncertainty about their ability to manage their patient's or loved one's care 12 .
The physical, psychological, and social consequences of fractures can profoundly influence health-related quality of life (HRQoL) and should be considered in addition to the economic burden of disease management. However, recent data on the HRQoL of patients with osteoporosis-related fractures in the US are limited. This report describes the impact of fractures on patient-reported outcomes (PRO) including overall health status and HRQoL in patients who are diagnosed with or suspected of having osteoporosis as assessed by their physicians.
Methods

Study design
The current study used data from the 2016 Adelphi US Osteoporosis Disease Specific Programme (DSP) 13 , a crosssectional survey of physicians and their corresponding patients with confirmed or suspected (reported by the physician, but not confirmed by review of hospitalization records or imaging studies) osteoporosis conducted in the US between August and November 2016. Four sources of data were used to select physicians and patients for inclusion in the study: (1) physician surveys; (2) physician workload questionnaires in which the physician documented the actual number of patients seen (both in total and those diagnosed with osteoporosis) for a period of 5 consecutive days after the physician survey was completed; (3) electronic case report forms (eCRFs), which the physician retrospectively completed online to provide details on patients diagnosed with osteoporosis; and (4) patient self-completed records (PSCs; patients whose information was recorded on the eCRFs were invited to complete the PSC records independently of their physician immediately after consultation).
To preserve patient confidentiality and to avoid bias during data collection and analysis, all responses were anonymized 13 and the study adhered to HIPAA regulations on data collection and patient privacy. The study was conducted under the EphMRA code of conduct and ethics and institutional review board approval was not required.
Inclusion criteria
Physicians were included in the survey if they were the prescribing decision-makers, managing at least 20 (for primary care physicians [PCPs]) or 28 (for specialists) patients in the US with confirmed or suspected osteoporosis in a typical month, and had not completed a survey-based osteoporosis study in the 12 months preceding the current study. The minimum numbers of patients were selected to ensure that physicians had a patient load sufficient to complete the necessary number of eCRFs in the timeframe required. The difference in minimums for PCPs and specialists reflects the difference in the number of patients with osteoporosis each is likely to see. Physicians had to be board certified in one of the following specialties: primary care, gynecology, rheumatology, or endocrinology.
Patients were included if they had suspected or physiciandiagnosed osteoporosis (regardless of whether they were receiving the treatment); completed the PSC, which included 5 PRO measures; and were not participating in a clinical trial. Patient enrollment was completed on a prospective basis. Other than confirmation of the diagnosis as indicated by the physician's answer in the eCRF to the question, "What is this patient's current diagnosis?", no formal patient selection verification procedures were used.
Physicians were asked to provide data for 10 consecutive patients presenting with osteoporosis and 2 additional oversample patients considered to be at high risk of fractures and/or to have more severe disease (comprising 1 patient with a bone mineral density [BMD] T-score À2.5 and a previous history of fracture, and 1 patient with a BMD T-score À3.5), thereby avoiding selection bias. The same patients were invited to complete the PSCs. The minimal inclusion criteria ensured a broad inclusion of physicians and patients.
PRO measures
The Osteoporosis Assessment Questionnaire short-version (OPAQ-SV) was used to assess HRQoL across 3 domains: physical function, emotional status, and symptoms 14 . OPAQ-SV consists of 34, five-point Likert scale questions and has been validated to detect changes in HRQoL in patients with prevalent vertebral and nonvertebral fractures 14 . Scores can be calculated for each domain as well as for overall HRQoL; higher scores correspond to better HRQoL.
Generic health status was assessed using the European Quality of Life 5 Domains (EQ-5D) questionnaire, a standardized instrument that can be used in a wide array of health conditions 15, 16 . The descriptive system comprises 5 dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The European Quality of Life Visual Analog Scale (EQ-VAS) records the patient's self-rated health on a vertical visual analog scale and can be used as a quantitative measure of health as judged by the individual respondent.
Data collected
Demographic information was extracted and Charlson Comorbidity Index (CCI) 17 scores were calculated from information provided in the eCRFs. The history of fractures was indicated by the physician's answer in the eCRF to the question, "How many osteoporotic fracture events has this patient ever suffered?" Physicians were also asked which tests were used to aid in osteoporosis diagnosis (options in the eCRF were peripheral DXA scan, central DXA scan, conventional Xray, ultrasound, and vertebral fracture analysis). For fracture site, patients were analyzed based on site of most recent fracture (options in the eCRF were hip, spine, wrist, rib, humerus, or other). The impact of time since fracture on PROs was analyzed by evaluating patients who had sustained a fracture 1 year previously, within the preceding 1 to 2 years, or >2 years ago based on the physician's answers in the eCRF to the question, "Time since occurrence of fracture." Disease severity was characterized as mild, moderate, severe, or very severe based on the physician's answer in the eCRF to the question, "How would you rate the severity of this patient's osteoporosis?" No formal definition of disease severity was used.
For the EQ-5D and EQ-VAS, missing values were not imputed and any missing or incomplete data were excluded from the analysis. For the OPAQ-SV, missing values were replaced following the official instructions for the questionnaire (i.e. missing values were imputed by the average of the nonmissing values if more than half of the questions in the same domain were answered) 14 . Additionally, for any analysis using PRO variables, patients were only included if they had valid values for all PRO variables. The PRO variables were derived by following the official instructions from the author/ owner for each PRO.
Statistical analyses
Descriptive statistics were used to describe patient characteristics and mean PRO scores. Categorical variables are presented as numbers and percentages, whereas continuous variables are presented as the mean with standard deviation (SD) or medians with interquartile range (IQR). Analysis of variance (ANOVA) was used to determine whether the number of fractures and the fracture site in those who have experienced a fracture, affect PRO scores. Multivariate analysis included linear regression model to identify predictors of PRO adjusting for confounding variables. Standard errors were adjusted to account for physician clustering, using the Huber-White estimate of variance.
Results
Demographics
Records for 1848 patients with osteoporosis were provided by physicians (Table 1) . Of the 981 patients (53.1%) who participated in the survey, 899 (91.6%) were women and 644 (65.6%) were !65 years. Patients who participated in the survey did not significantly differ from those who did not complete it, with the exception that patients who completed the surveys were younger (p ¼ .0005). Overall, most patients (80.8%) had mild or moderate osteoporosis as rated by physicians. Of patients who completed all PRO measures, 935 had data available for number of fractures. The majority (80.2%, n ¼ 750) had no history of fracture, 145 (15.5%) had 1 fracture, and 40 (4.3%) had !2 fractures. Physicians indicated that X-ray was used to confirm diagnosis of osteoporosis in 16% of patients with a history of fracture.
Impact of number of fractures, fracture site, and time since fracture on patient HRQoL
There was a statistically significant difference in mean PRO scores between groups based on the number of fractures for all PROs (one-way ANOVA, all p < .0001) (Figure 1 ). Health status and HRQoL measures were lower in patients with a single fracture compared with those with no fracture history, and these scores declined further in patients with !2 fractures.
In patients with a fracture, the fracture site had a significant effect on PRO scores (p < .01) ( Figure 2 ). Although fractures of the hip and spine were associated with the greatest reduction in health status, fractures at "other" sites were also associated with lower scores for the EQ-VAS and all OPAQ-SV domains.
For all PRO measures, time since fracture ( 1 year, 1-2 years, or >2 years) was not statistically significant based on one-way ANOVA ( Table 2 ), suggesting persistence of disease burden for years following fracture.
Multivariate regression analyses
Three linear regression models were used to identify factors associated with HRQoL and/or health status as assessed by the different PRO instruments. In the first model, changes in PRO scores by fracture site, time since fracture, and number of fractures were examined (Table 3 ). In order to include the number of fractures in the model, only patients with at least 1 fracture were included in the analysis. Time since fracture and fracture site of rib (with wrist as reference site) were not significant for any PRO (p > .05). Fracture sites of hip and spine were significant in all cases (p < .05). Fracture site of humerus was significant for the OPAQ-SV symptom instrument (p < .05) only, and fractures at "other" sites were significant (p < .05) for the EQ-VAS and the OPAQ-SV (physical, emotional, and symptom). Number of fractures beyond the first fracture was only significant (p < .05) for the EQ-VAS.
The second model in all patients with osteoporosis included the number of fractures, age, gender, body mass index (BMI), and CCI. In this model, all variables were significantly associated with variability in scoring for all PRO measures (p < .05) except gender ( Table 4 ).
The third model analyzed only patients who had experienced a fracture and included fracture site (with wrist fracture as the reference), age, gender, BMI, and CCI. In this model, significant associations between fractures and PRO scores varied depending on the PRO instrument used and the site of fracture. Spine and hip fractures were significantly associated with differences in scoring for all the PRO instruments examined (p < .05), while rib and humerus fractures were only significantly associated with the EQ-VAS and EQ-VAS/OPAQ-SV symptom instruments, respectively (Table 5 ). CCI was also significantly associated with differences in scoring for all PRO instruments. Male gender was significant for the EQ-5D and EQ-VAS, and a significant association with age was observed for the OPAQ-SV physical domain.
Discussion
Data from this large US cross-sectional survey of patients with osteoporosis suggest that patients with a history of osteoporotic-fracture have lower HRQoL and lower health status compared with patients without a fracture history. Hip or vertebral fractures were associated with lower HRQoL than fractures at sites other than the hip or spine. Quality of life was also influenced by age and existing comorbidities.
The DSP used in this study provides comprehensive realworld insights and evidence in osteoporosis management through clinical, behavioral, and patient-reported data 13 . Other observational and prospective studies have reported an inverse association between the number of osteoporotic fractures and HRQoL [18] [19] [20] [21] [22] . Our results show that the impact of the number of fractures (beyond the first fracture) on HRQoL and/or health status varied by PRO instrument. These results suggest that the first fracture is the most important in terms of HRQoL. However, the small sample size of patients with at least 1 fracture (n ¼ 185) and differences in sensitivity of the PRO instruments used need to be considered when interpreting these data.
Our finding that decrements in HRQoL vary by type of fracture is consistent with data from other studies [18] [19] [20] [21] [22] . For example, Hallberg et al reported significant reductions in HRQoL using the general Short Form 36 (SF-36) health survey for at least 2 years following hip or vertebral fracture compared with a forearm or humeral fracture 21 . The observed association between vertebral fractures and HRQoL may be related to back pain and limitations in physical activity, accompanied by the emotional impact of changed appearance, functional decline, and inability to participate in usual activities. For patients with hip fractures, loss of independence following fracture may be a major factor contributing to lower HRQoL. Prior studies have also shown an association between site of vertebral fracture and HRQoL [23] [24] [25] . For example, thoracic fractures may be associated with a greater disease burden given the impact on the respiratory system 26 .
In the current study, fragility fractures were captured in the spine (along with hip, wrist, rib, humerus, and other), but were not further classified by site of vertebral fracture.
We also observed a decline in all PROs for the category "other fractures," which were experienced by 15% of patients, almost as many as experienced hip fractures. Nonhip, non-vertebral fractures have previously been shown to have a significant effect on HRQoL. In the Canadian Multicentre Osteoporosis Study, pelvic, lower limb, and rib fractures were associated with low HRQoL scores 20 . Similarly, data from the Global Longitudinal Study of Osteoporosis in Women suggest that previous fractures at a variety of locations may be associated with reduced HRQoL 22 . Unfortunately, we did not have a breakdown of fractures by fracture sites for "other" category, hence, further evaluation of PROs was not possible.
Because osteoporotic fractures affect people later in life, a substantial proportion of such patients have other comorbidities. Our findings show that in patients with fractures, the presence of comorbidity as assessed by the CCI was associated with lower health status and HRQoL for all PRO measures examined. Other studies have also reported that HRQoL is modified by the presence and number of comorbidities in patients with osteoporosis 27, 28 .
When addressing HRQoL, the temporal relationship between the occurrence of an event and the potential consequences of that event needs to be considered. Our data suggest that in patients with a fracture, HRQoL impairment persists over time. No improvement in any PRO measures was noted between fractures sustained less than a year previously and those sustained >2 years previously. Even when the analysis was adjusted for type of fracture, patients reported poor health status as assessed by all PROs. Similar findings on the long-term decrement in HRQoL after fracture have been reported in the cross-sectional Canadian Multicentre Osteoporosis Study 29 . Studies have also shown that the impact of vertebral fractures on pain, disability, psychological impairment, and HRQoL persists even after the fractures have healed 30, 31 .
The study has some limitations. Because it was a crosssectional study, we cannot make an inference of causality. Although several potential confounding variables were included in the analysis, residual confounding factors may also exist; only known confounders were controlled for. Further, fracture events were reported by physicians, but were not confirmed by X-ray. Although 16% of physicians indicated utilizing X-ray to confirm the diagnosis of osteoporosis in patients with fractures, the survey did not specify whether X-rays were specifically performed to confirm the presence of fracture. In addition, only a small proportion of patients had a past history of fracture and information regarding treatment of osteoporosis was not available. Further, the number of fractures was low at some fracture sites (i.e. n ¼ 3 for humerus and n ¼ 3 for rib). Furthermore, because data capture was based on patients presenting to the physician within a stipulated time frame, the sample may contain a higher proportion of patients who consult a physician more frequently and may not be generalizable to the overall population of patients with osteoporosis. Patients who participated in the survey, however, were on average younger than those who did not complete the survey, suggesting that the disease burden may be underestimated. We observed no difference in PRO measures with respect to time since fracture. It is important to note that the pre-index (baseline) PRO measures were not available. It is therefore not possible to determine whether a decrement in PRO measures was indeed observed following the fracture episode and whether patients' overall status or HRQoL returned to baseline sometime after the event. Evaluation of disease burden is in relation to the timing of the fracture, but this is an approximation as no diagnostic validation was carried out.
A strength of the study is that the minimal inclusion criteria ensured a broad representation of patients and physicians. Also, by asking physicians to provide data for a prospective, consecutive series of patients, selection bias, which may be present in retrospective patient selection, could be avoided. This selection process allowed the evaluation of a range of patients across treatment types. Additionally, patients with more severe disease were oversampled. Finally, the study included use of multiple measures to estimate utility and health state decrements. Different instruments may have variable sensitivity to capture decrements associated with different fracture sites. The inclusion of multiple measures in the current study provides the opportunity to capture impact on PRO from various fracture sites.
Conclusions
This large cross-sectional study conducted in US patients with osteoporosis shows that osteoporotic fractures, particularly those of the hip and vertebrae, have a detrimental impact on HRQoL and overall health status. The occurrence of a previous fracture and the presence of comorbidities are associated with worse HRQoL in patients with fracture. In addition to developing interventions to reduce fracture risk, strategies must be developed to prevent secondary fractures.
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